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CHAPTER ONE:
INTRODUCTION
Marine ecosystems are highly dynamic and contain a diverse faunal assemblage that are
subject to various natural and anthropogenic variability (Curry et al., 2003; Lindeman, 1942;
Livingston, 1984). Globally, seagrass ecosystems are located adjacent to coastal areas that are
heavily impacted by human development and urbanization potentially altering the community
structure within these ecosystem (Orth et al., 2006; Short et al., 2007). Complex food webs
connect many components of these systems, often in unexpected ways, and are ultimately based
on one of two pathways: benthic (i.e., seagrass, epiphytes, microalgae, detritus) and planktonic
(i.e., phytoplankton) (France, 1995; Livingston, 1984). Understanding the pathway which the
food web is based gives further insight regarding the biological balance of the ecosystem
(Livingston, 1984; Mason and Zengel, 1996); thus it is important to expand beyond bounds of
single-species approaches for research and management (Curry et al., 2003; Paine, 1966; Polis
and Strong, 1996).
Observing what a predator consumes and its preference for any particular prey can be
informative in regards to how a predator interacts and utilizes an ecosystem. Predatory fish are
exposed to a wide range of potential prey with varying levels of mobility in their natural
environment and may employ a wide range of feeding tactics in order to capture prey (Juanes et
al., 2002; Scharf et al., 2000; Wenner and Archambault, 1996). Overall, prey availability and
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abundances are influenced by many factors (e.g., seasons, tides, habitat loss and gain; (Gratwicke
and Speight, 2005; Heck et al., 1977; Hooks et al., 1976) and many piscivorous fishes will
undergo ontogenetic shift in diet in order to optimize their energetic return (Juanes et al., 2002;
Pyke et al., 1977; Scharf et al., 2000) limiting the interpretation of electivity studies. Although
much information can be obtained through stomach analysis of fish, some prey are more rapidly
digested due to the lack of hard, external structures and may be overlooked in the analysis
(Hyslop, 1980). Furthermore, prey preference cannot be based solely on the observed
abundance in the diet of a predator because it takes time for a predator to find, consume, and
digest prey (i.e., “handling time”; Jackson and Underwood, 2007; Underwood et al., 2004;
Underwood and Clarke, 2005). Therefore, multiple approaches, both observational and
experimental, are necessary to fully understand trophodynamics of fishes and their ecosystems.
To better understand the trophodynamics of the Spotted Seatrout, Cynoscion nebulosus,
my thesis incorporates both an observational and experimental study. My observational study
compares three stomach analyses datasets to address changes in the diet composition over a
thirty-two year timespan during which natural and anthropogenic changes potentially altered the
community structure of Tampa Bay. This is paired with an experimental study to address
differently handling times of two morphologically- and behaviorally- different prey that were
observed in the diet of juvenile Spotted Seatrout (Fish and Wildlife Research Institute,
unpublished data).
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CHAPTER TWO:
LONG-TERM AND ONTOGENETIC DIET SHIFTS OF A PREDATORY FISH

Abstract
Vegetated areas, such as seagrass beds and mangrove forests, provide food and habitat
essential to many fish and invertebrate species. In particular, many economically-important
fishes depend on seagrass beds as nursery grounds. Worldwide, there has been a rapid decline of
seagrass coverage in recent decades due to the rapid development of coastal areas, altering these
ecosystems and the community structures within. In particular, Tampa Bay, Florida’s largest
estuary, has undergone a decline and recovery in both seagrass coverage and water quality over
the past 32 years that could potentially have altered the community structure. For my study, I
assessed the diet of the Spotted Seatrout, Cynoscion nebulosus, to examine if changes in water
quality and habitat were reflected in their trophodynamics. I compared three different datasets
of stomach analyses conducted on Spotted Seatrout collected in Tampa Bay spanning 1981
through 2013 across size classes and time periods. Following a widely used non-parametric
multivariate approach (analysis of similarities; ANOSIM) and a more advanced approach
(canonical analysis of principal coordinates; CAP), I found significant differences in diet
composition across size classes. The ANOSIM did not identify differences in the composition of
diet across studies, however the CAP method indicated differences in diet composition across
studies were significant. These diet composition differences may correlate with changes in water
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quality and seagrass coverage. Ontogenetic shifts in diet were consistent with those previously
reported highlighting the plasticity of a generalist piscivore in a recovering seagrass ecosystem.
Introduction
Vegetated areas such as seagrass beds are known to serve as important habitats for fishes
and macroinvertebrates (e.g., Beck et al., 2001; Geiger et al., 2010; Greening et al., 2011).
Seagrass habitats in particular provide food and shelter and serve as nursery grounds for many
economically-important fishes and invertebrates, stabilize sediments, and play a key role in the
cycling of nutrients (Greening et al., 2011; Johansson, 2002; Matheson et al., 2010). Because
seagrasses have high photosynthetic light requirements, they are often restricted to depths of 2
meters or less and are especially susceptible to reductions in water quality or clarity (Greening et
al., 2011).
Worldwide, the rapid development of coastal areas has resulted in eutrophication of many
marine ecosystems, ultimately resulting in a decline of seagrass coverage in recent decades
(Burghart et al., 2013; Greening et al., 2011; Greening and Janicki, 2006; Lewis et al., 1998;
Orth et al., 2006; Waycott et al., 2009). Increased loads of nitrogen and phosphorus, often from
sources such as sewage and fertilizers, can cause an increase in phytoplankton blooms preventing
light penetration to the depths required for photosynthesis by seagrasses and other benthic
producers. Altering these nutrient regimes towards a eutrophic system also allows fast growing
macroalgae to outcompete slow growing seagrasses which can in turn influence the community
structure and populations of the fishes and invertebrates associated with these habitats (Craig and
Bosman, 2013; Duarte, 1995; Duffy, 2006; Greening and Janicki, 2006; Stallings and Koenig,
2011).
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In Tampa Bay, the largest estuary in Florida (Schmidt and Luther, 2002), seagrass
coverage declined from an estimated 15,380 ha in the 1950’s to ~8,000 ha in the 1980’s (~ 50%
reduction), due largely to increases in both human populations and industrial development in the
region (Avery et al., 2010; Greening et al., 2011; Johansson, 1991). Regulations to reduce
nutrient inputs from land-based activities were implemented in the early 1970’s. As a result,
water quality and clarity improved in Tampa Bay, resulting in an increase and expansion of
seagrass coverage (Greening et al., 2011; Johansson, 2002; Lewis et al., 1998). Indeed, seagrass
coverage in Tampa Bay was estimated at 14,019 ha in 2012, almost equal to that prior to rapid
urbanization from the mid-20th century (Tampa Bay Estuary Program, 2013). Although, not all
regions in Tampa Bay have experienced the same degree of recovery (Greening et al., 2011).
The predatory Spotted Seatrout, Cynoscion nebulosus, is a popular sport and commercial
fish that occurs along the southeastern coastal waters of the United States from Massachusetts
through the coastal Gulf of Mexico and south to the Yucatan Peninsula (Hettler, 1989; Mercer,
1984; Wenner and Archambault, 1996). These estuarine-dependent fish are often associated
with vegetated areas, such as shallow seagrass beds and salt marsh habitats, and spend their
entire life cycle residing in bays and lagoons (Baltz et al., 1993; Hettler, 1989; Iverson and Tabb,
1962; Peebles and Tolley, 1988). They are commonly found in the Tampa Bay estuary and use
seagrass beds as foraging and refuge habitat (Flaherty et al., 2009; Flaherty-Walia et al., 2014;
McMichael and Peters, 1989; Murphy et al., 2009). Previous diet studies on Spotted Seatrout
have shown that this generalist predator feeds on a wide diversity of prey species and like many
piscivores, undergo ontogenetic shifts in diet (Mercer, 1984; McMichael and Peters, 1989;
Wenner and Archambault, 1996).
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Improvements in water quality and associated increases in the seagrass coverage in
Tampa Bay over the past 30 years may have affected the abundance and structure of faunal
communities, which may be reflected in the diet of the Spotted Seatrout. I compared diet data
from three unique stomach content studies spanning from 1981 to 2013 (32 years) to examine
whether diet composition differed as Spotted Seatrout grew larger in size and if the diet
composition differed among the three studies.
Materials and Methods
Collection and Processing of Diet Samples: 2005 – 2013
Spotted Seatrout were collected from 2005 to 2013 as part of routine monthly fisheryindependent monitoring efforts in Tampa Bay using net gears of various types and sizes: a 21.3m seine, 183-m center bag seine, and 6.1-m otter trawl (for gear specifics see Greenwood et al.,
2006). Up to five Spotted Seatrout per collection event were culled for stomach content analysis.
Culled Spotted Seatrout were placed in 10% formalin for a minimum of 48 hours. The entire
body of the fish was placed in the formalin solution and peritoneal cavities were punctured for
individuals with standard lengths greater than 100 mm to facilitate preservation. The stomachs
were then rinsed with freshwater and stored in 50% isopropanol until processed. Only stomach
contents extending from the esophagus to the pylorus were used in the analysis. A fullness index
from 0-5 was assigned to the stomach based on estimated volumetric capacity: 0 = empty, 1=
trace quantities, 2 = partially full, 3 = full not distended, 4= distended, and 5= fully distended and
overflowing. Contents were flushed from the gut lining with freshwater into a gridded petri dish,
assigned a prey condition based on digestive state (i.e. intact, substantial portion of prey lost,
only hard parts of prey remain, undetermined), and identified to the lowest possible taxonomic
level with the aid of dissecting and compound microscopes. Each prey was enumerated and
9

measured using the appropriate volumetric method based on size and condition of prey (i.e.,
graduated cylinder, ellipsoid method, cylinder method, squash-plate technique; Hellawell and
Abel, 1971; Hyslop, 1980; McComish, 1967). Empty stomachs are reported but not included in
subsequent analyses.
Quantitative Comparisons with Previous Diet Studies
To assess potential decadal shifts in the diet of Spotted Seatrout, data from the current
study (2005-2013) were compared with that from two previous studies conducted in Tampa Bay:
1) McMichael and Peters (1989) from collections in 1981-1982 and 2) Peebles and Hopkins
(1993) from collections in 1991-1992. These two studies followed similar collection and
processing methods as the dataset from 2005-2013 described above; however, there were some
minor differences in the field and lab methods. These three studies will be referred to the 80s,
90s, and current study, respectively, from thus forward.
Collections from current and those from 90s study were part of the same field program
(Florida Marine Research Institute which is now Fish and Wildlife Research Institute) using
similar gears and sampling strata. The 80s study used plankton nets and bag seines to collect
specimens (see McMichael and Peters, 1989 for gears specifics), but all studies overlapped in
space across similar habitats throughout Tampa Bay. Additionally, because I was not concerned
with absolute abundances of captured Spotted Seatrout, which can be influenced by types of
gears used for collections (Parsley et al., 1989; Rozas and Minello, 1997; Stallings et al., 2014), I
considered these differences in sample protocols unlikely to bias dietary content. In the
laboratory, methods were largely the same across studies. Both the current study and 90s study
used computer-based worksheets with standardized taxonomic menus that electronically
calculated volumes of prey based on prey dimensions and volumetric methods. Four methods
10

were used to determine volumes of prey in the current and 90s studies (i.e. graduated cylinder,
cylindrical method, ellipsoid method, squash-plate technique); however, only graduated cylinder
and squash-plate techniques were used in the study by the 80s study. Importantly, volume of
prey was the reported metric in all three diet studies.
Raw, individual-specific diet data were not available for 80s and 90s studies. Because I
was interested in ontogenetic diet shifts across the sizes of Spotted Seatrout analyzed in the three
studies, the data were separated into an ordinal series of size classes. However, the 80s study
used 15 mm increments for their size classes while the 90s study used 10 mm increments. I
followed the 15 mm size classes based on observed ontogenetic shifts used by 80s study because
it maximized overlap in size data across the three studies (Table 2.1). This required me to
collapse three size classes from the 80s study; data from 75 mm-90 mm, 90-105, 105-120 size
classes were collapsed to 75-120 for size class 5 in my comparison. I also collapsed four size
classes from the 90s study; data from 10 mm – 20 mm and 20-30 size classes were collapsed to
10-30 for size class 1 while 40-50 and 50-60 were collapsed to 40-60 for size class 3. I then
calculated weighted averages (by sample size) of prey volume for each size class using the
reported summary data from the previous diet studies and averaged the raw data from the current
study collections. Stomachs from fish in size classes <8 mm, 8-15, and >120 in the 80s study
were excluded from the comparison due to the lack of data from the other two studies. The
outcome of these weighted data summaries was a matrix of percent volume for each prey taxon
for each size class and study period. I used an appropriate common taxonomic level across the
three studies when there were inconsistencies in the taxonomic resolution. This involved
collapsing all species of Mysidacea, Copepoda, Mollusca, Amphipoda, and Tanaidacea to their
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respective order, suborder, or subclass. Decapod shrimps, decapod crabs, and fishes were mainly
collapsed to families (Tables 2.2 and 2.3).
Analytical Methods
To determine differences across size classes and studies, a Bray-Curtis resemblance
metric (Bray and Curtis, 1957) was constructed on square-root transformed data and a one-way
analysis of similarities (ANOSIM; Clarke and Warwick, 2001) was conducted with no replicates
and 999 permutations. To determine which prey contributed to observed differences among size
classes and studies, I next conducted similarity percentages analyses (SIMPER; Clarke and
Warwick, 2001). To maximize my ability to distinguish among size classes and studies, I
conducted constrained ordinations using canonical analysis of principal coordinates (CAP;
Anderson et al., 2008; Anderson and Willis, 2003). CAP used a leave-one out method (similar to
jackknife permutation; Anderson and Willis, 2003), again based on the Bray-Curtis metric to
classify the data. The number of principal coordinate axis (m) was chosen automatically that
explained the highest original variability and maximized the leave-one-out allocation success
with a minimal leave-one-out residual sum of squares (Anderson et al., 2008; Anderson and
Willis, 2003). A permutation test was run and vectors based on Spearman rank correlations were
superimposed to determine which prey characterized observed differences in diet composition
across size classes and studies. A Spearman correlation of at least r = 0.2 was suggested for the
superimposed vectors (Anderson et al., 2008); however, I used a more conservative value of r >
0.55 for my comparisons to restrict output to the primary drivers of differences in diet
composition across size classes and studies. Stacked bar graphs were created using percent
volume of prey by size class and study to visualize differences in diet composition (PRIMER-E
Ltd., Plymouth, UK).
12

Results
Data from a total of 1,669 stomachs were used in my comparisons of size classes and
studies: 609 from the 80s, 668 from the 90s, and 392 from the current study (Table 2.2). I
observed the highest size specific taxonomic richness of prey based on my collapsed resolution
in the current study (20.6 ± 5.5 levels observed); both the 80s (11.4± 1.0) and 90s studies (10.8 ±
1.7) observed lower but similar taxonomic richness. (Figure 2.1). Taxonomic richness across
size classes was more consistent in the data from the 80s (CV = 0.1) and the 90s studies (CV =
0.2), compared to those from current study (CV = 0.3). However, both the 80s and 90s studies
had more unidentifiable shrimp and unidentifiable fish than the current study which may be
driving these differences in taxonomic richness.
Results of ANOSIM showed that diet composition among size classes differed
significantly (R = 0.5; p = 0.008) but diet composition did not differ across studies (R=0.1;
p=0.360). The SIMPER results indicated that the dissimilarities among the diet composition of
size classes had an average greater that 42%, with dissimilarities ranging from 42% to 59%
(Tables 2.4-2.13). Results of the CAP analysis indicated there was a significant difference in
dietary composition among size classes (tr = 2.44; P = 0.001; 999 permutations). By using the
leave-one-out reclassification method, a value of m (m = 6) was chosen explaining 95% of total
variability and resulting in a 33% misclassification rate. Axis one separated size class 1 from
size classes 2-5 and axis two separated size class 2 and 3 from size classes 4 and 5 (Table 2.14
and Figure 2.2). Correlation vectors (r > 0.55) indicated that copepods, mysids, tanaids, crabs,
ghost shrimp, and worms were all more important to the diet of size class 1 than they were for
the larger Spotted Seatrout (Figure 2.2). The separation along the second axis appeared to have
been driven by high abundances of Processidae shrimp observed in size classes 2 and 3 and high
13

abundances of fish and Palaemonidae shrimp in size classes 4 and 5. Copepods were only
observed in size class 1 across all three studies (Figure 2.3). The percent volume of mysids were
high for smaller size classes and decreased as the Spotted Seatrout grew larger in size. In
addition, the percent volume of both fishes and shrimps increased as the Spotted Seatrout
increased in size (Figures 2.3 – 2.5).
Results of CAP analysis also indicated that there is significant difference between the
three studies (tr = 1.67; P = 0.019; 999 permutations). A value of m (m = 5) explaining 90% of
the total variability was chosen using the leave-one-out method resulting in a 13%
misclassification rate and size classes from all studies were misclassified. Size class 3 from the
90s study was reclassified to size class 2, size classes 3 and 4 from the 80s study were
reclassified to size class 5, size class 5 from the 80s study was reclassified to size class 4, and
size class 5 from the 00s study was reclassified to size class 4. Axis one distinguishes the 80s
study from the 90s and current studies (Table 2.15 and Figure 2.6). Axis two distinguishes 90s
from the current study. Based on correlation vectors (r > 0.55) from the CAP analysis by studies
(Figure 2.6), unidentifiable fish, unidentifiable shrimp, Mollusca, and Hippolytidae drive the
separation of the 80s study from the 90s and current studies. Clupeidae, Amphipoda,
Atherinopsidae, Hippolytidae, and Mollusca drive the separation of the current study from 90s
study. Unidentifiable fish, unidentifiable shrimp, Engraulidae, Sciaenidae, and Processidae drive
the separation of the 90s study from the current study. Stacked bar graphs show that the 80s
study was comprised of the highest percent volume of unidentifiable fish and unidentifiable
shrimp while the current study contained the lowest percent volume of unidentifiable fish and
unidentifiable shrimp (Figure 2.3). Overall, the 80s study contained a higher percent volume of
shrimp (identifiable and unidentifiable combined) while the 90s study contained more fish
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(identifiable and unidentifiable combined). Copepods and amphipods were largely important in
the current study and remained in the larger size classes than compared to 80s and 90s studies.
Discussion
Unidentifiable fish and shrimp are largely attributable to increased explained
dissimilarities in Spotted Seatrout diet among the three studies. The 80s study reported a higher
prevalence of unidentifiable fish and shrimp than both 90s and current studies. Fish can be
difficult to identify from dietary analysis because they lack many of the relatively indigestible
and readily identifiable external structures that are often diagnostic for invertebrate species.
While skeletal components of fish are resistant to digestion and potentially diagnostically
valuable, there are relatively few morphological descriptions of bones for fishes in Tampa Bay.
Improved abilities to identify fish in the current study resulting in an increase in the number of
observed fish families may have been an artifact of better taxonomic indexing, especially due to
the improvements in use of jawbones as a means of identification that was not available during
the previous two studies (Fish and Wildlife Research Institute – Fisheries Independent
Monitoring; Gabriel Ramos-Tafur, unpublished data). Such higher resolution can be valuable
when determining the effects of habitat degradation and pollution on diet. For instance,
Livingston (1984) observed fish species that fed primarily on plankton and polychaetes (e.g.,
Anchoa sp and Eucinostomus sp.) were dominant in the polluted Fenholloway system. Whereas,
fish species that were benthic omnivores and carnivores dominated the pristine Ecofina system
(Livingston, 1984). As the Fenholloway system began to recover in water quality and extent of
seagrass coverage, a switch from a system once dominated by planktivorous fish to one
dominated by benthic omnivores and carnivores was observed (Livingston, 1984). Because the
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Tampa Bay estuary has undergone comparable habitat degradation and pollution, such higher
taxonomic resolution of fishes would be valuable for further insight.
Differences in the composition of diet across size classes were consistent across all three
studies and generally corroborated results from previous work (Hettler, 1989; Johnson and
Seaman, 1986; Llanso et al., 1998; Mason and Zengel, 1996; Mercer, 1984). Generalist
piscivores, such as the Spotted Seatrout, commonly undergo ontogenetic shifts in diet as they
progress through their life cycle (Juanes et al., 2002; Mittelbach and Persson, 1998; Scharf et al.,
2000) which aids the predator in obtaining optimal energetic return (Pyke et al., 1977). In
general, Spotted Seatrout begin their life cycle consuming small zooplankton (primarily
copepods), and shift to larger benthic invertebrates and fish through ontogeny (Hettler, 1989;
Johnson and Seaman, 1986; Llanso et al., 1998; Mason and Zengel, 1996; Mercer, 1984).
Ultimately, providing them with a drastic increase in available energy (Waggey et al., 2007).
Because of their small size, juvenile fishes are most susceptible to predation and are the prey of
many piscivorous fishes (Post and Parkinson, 2001; Sogard, 1997). Therefore, such a shift
would allow juvenile Spotted Seatrout to maximize their energy storage in order to grow quickly,
making them less vulnerable to predation (Post and Parkinson, 2001; Sogard, 1997).
Differences in the diet composition of Spotted Seatrout across the three studies were not
significant when following the ANOSIM approach, but were significant when using the more
advanced CAP approach. The ANOSIM is a non-parametric multivariate method that has been a
popular approach to analyzing ecological community data (Anderson and Walsh, 2013; Clarke
and Warkwick, 2001). However, conclusions drawn from recent work has shown that ANOSIM
may not always be the best approach because it does not always correctly partition the variation
in the data and cannot handle more complicated designs (Anderson, 2001; Anderson and Walsh,
16

:2013; Legendre, 2008). More advanced approaches, such as the CAP, are considered more
robust methods because it partitions variation based on any distance measure (Anderson, 2001;
Anderson, 2003; Legendre, 2008; Legendre and Anderson, 1999;). During the early 1970s,
Tampa Bay began showing signs of progressing into a eutrophic system and by the 1980s, during
which McMichael and Peters (1989) diet study took place, more than 50% of the seagrass
coverage had been lost (only ~8,000 ha remained; Greening and Janicki, 2006). Pollution and
extent of seagrass coverage can alter the community structure of an ecosystem (Livingston,
1984). The extent of seagrass coverage was the lowest during the 80s study than compared to
the other studies and this separation may correspond to the condition of water quality and
seagrass coverage. By the early 1990s when the Peebles and Hopkins (1993) diet study took
place, water quality had improved allowing 20% more incidental light to reach the target depths
for seagrasses and seagrass coverage had expanded to 10,400 ha (Greening et al., 2011; Greening
and Janicki, 2006). Subsequently, maintenance of the 1992-1994 nitrogen loads and further light
attenuation targets led to the recovery of seagrass coverage to over 13,000 ha by 2012 (Greening
et al., 2011; Greening and Janicki, 2006; Tampa Bay Estuary Program, 2013). Thus, these
variations in diet composition across studies correspond with notable changes in the water
quality and extent of seagrass coverage in Tampa Bay during this 32 year span.
Mysids and copepods were ubiquitous for the smallest size class in all three studies, but
with some variation in their relative importance between the earliest and latest studies. Although
mysids were only prominent in juvenile Spotted Seatrout 15-30 mm SL in the 80s, mysids were
present throughout 15-120 mm SL in the current study. Mysids are often used as an indicator
species due to their high sensitivity to sewage and inorganic discharges, and the presence of
mysids in the larger size classes of Spotted Seatrout during the current study may be a reflection
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of improved water quality (Lussier et al. 1999). Small (15-30 mm SL) Spotted Seatrout also fed
on significantly more copepods during the current study. It is difficult to describe with absolute
certainty the implications of this without higher resolution of taxonomic detail; nevertheless,
copepods can be an indicator species of oligotrophic and eutrophic conditions (Gannon and
Stemberger, 1978). If Tampa Bay was showing signs of being an eutrophic system in the early
1980s, a higher prevalence of calanoid copepods would be expected in the later years (Gannon
and Stemberger, 1978; Livingston, 1984;).
Overall, amphipods represented a larger percent of stomach contents by volume in the
current study than was observed previously, especially in Spotted Seatrout from 30-130 mm SL.
Amphipods observed were predominantly epibenthic or endobenthic species that are highly
associated with seagrass systems and clear water (Burghart et al., 2013; Pardal et al., 2000;
Zimmerman et al., 1979). Although macroalgae may be beneficial to many species of
amphipods, their prevalence is generally reduced in highly eutrophic systems (Pardal et al.,
2000). Very few species of amphipods were identified in the 80s study and only Gammarideans
were identified in the 90s study. The higher diversity of amphipods seen in the current study
may be partially attributable to the improvement in water quality and seagrass coverage in
Tampa Bay. In addition, the identification of amphipods was difficult prior to LeCroy’s (2000)
relatively comprehensive, dichotomous key; however, diversity would not affect volume.
No shrimp from the family Hippolytidae were observed in the 90s study. Species of
shrimp from this family, such as Tozeuma carolinense, are commonly found in seagrass beds
(Bauer, 1989; Main, 1987; Zupo and Nelson, 1999) thus the absence from the 90s study is
unexpected. Similar findings were noted by Mason and Zengal (1996) when their analysis of
Spotted Seatrout diet was compared to those of the Moody (1950) study. Moody (1950)
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observed hippolytid shrimps present in the diet of Spotted Seatrout. In contrast, Mason and
Zengal (1996) found species of hippolytid shrimps present in their invertebrate collections from
seagrass beds, but absent from their diet analysis suggesting the shrimp were present but were
not consumed by the Spotted Seatrout in their study. In addition, Tozeuma have been noted to be
underrepresented in diet studies which may correspond to predator avoidance behavior and size
of the Tozeuma (Main, 1987). Therefore, the absence of hippolytid shrimps in the diet
composition from the 90s study may not be due to the absence of hippolytid shrimps in Tampa
Bay.
Overall, predator and prey abundance and diversity fluctuates with small and large scale
factors such as habitat structure and composition, freshwater input, tides, seasons, habitat loss
and gain, and competition, making it difficult to tease out specific drivers of the differences of
diet composition across size classes and studies with the collapsed taxonomic resolution used in
my comparison (Gratwicke and Speight, 2005; Hooks et al., 1976; Livingston, 1984).
Nevertheless, these results provide some guidance as to possible explanatory hypotheses that can
be further tested. Seagrass beds contain a higher species richness and abundance of both prey
and predators than other habitats such as mangrove forests and unvegetated areas (Bloomfield
and Gillanders, 2005; Gratwicke and Speight, 2005; Heck et al., 1977). Therefore, the loss or
expansion of these habitats can impact many organisms (Bell et al., 1988; Hooks et. al., 1976;
Livingston, 1984; Mason and Zengal, 1996). High nutrient inputs and poor water quality cause
phytoplankton blooms and can alter or diminish the abundance of benthic organisms (Burghart et
al., 2013; Hooks et al., 1976; Livingston, 1984). Invertebrates such as mysids and amphipods,
are key components of the diet of juvenile Spotted Seatrout and the richness of these species are
considered a measure of “biological balance” (Hettler, 1989; Mason and Zengel, 1996; Mercer,
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1984;). A species presence or absence in the diet might therefore provide further insight to the
health of a system.
By comparing the composition of diet across size classes and the three studies, I found
that differences in the diet of Spotted Seatrout that might be attributable to changes in water
quality or seagrass coverage in Tampa Bay. Over the 32 year span in which the three studies
took place, Tampa Bay has undergone improvements in both water quality and the extent of
seagrass coverage (Greening, et al., 2011; Greening and Janicki, 2006; Johansson and Lewis,
1992). Wastewater treatment and fertilizer processing plants were major sources of pollutants to
the Tampa Bay estuary in the early 1960s (Johansson and Lewis, 1992) and by 1968, Tampa Bay
was a eutrophic system that had experienced a significant decline in seagrass coverage (Avery et
al, 2010; Greening et al., 2011; Johansson and Lewis, 1992). However, after extensive measures
to reduce nitrogen loads, improve water clarity, and increase the extent of seagrass coverage, the
Tampa Bay estuary is currently a recovering system (Greening et al., 2011). The condition of an
estuary is often reflected through the food webs dynamics of the system (Livingston, 1984);
therefore, the temporal variability seen in the diet composition of Spotted Seatrout may
correspond to the changes in water quality and the extent of seagrass coverage over this 32 years
span. The ability of this generalist predator to adapt to a changing prey community may have
contributed to its ability to remain abundant during anthropogenically driven shifts. Although I
was limited in my analysis and interpretations due to the lack of raw data and taxonomic detail,
my study helps further the understanding of a recovering seagrass system and the interaction of
organisms residing within. Fish diet studies have the potential to provide data useful in tracking
relative health of ecological systems (Cook and Bundy, 2012; Hanson and Chouinard, 2002). In
the case of Spotted Seatrout in Tampa Bay, there are still inadequate data to attribute causality in
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changing feeding habits to environmental changes over time. In no small part, this is due to the
general lack of multiyear diet monitoring and the low taxonomic resolution traditionally accepted
by fisheries biologists. To gather applicable data on fish feeding habits, studies should be
designed with multiyear sampling and high taxonomic resolution so that results may be usefully
correlated to environmental factors such as anthropogenic perturbation and global warming.
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Table 2.1. Summary of the size class intervals (mm standard length) assigned to facilitate
comparisons of Spotted Seatrout diet, among studies by McMichael and Peters (1989), Peebles
and Hopkins (1993), and the current study (2005-2013).
Size Class
1
2
3
4
5

80s
15-30
30-45
45-60
60-75
75-120

90s
10-30
30-40
40-60
60-70
70-130

30

Current
15-30
30-45
45-60
60-75
75-120

Table 2.2. Summary table reported in percent volume of the prey rounded to the nearest tenth.
Collapsed common taxonomy used in comparison by size class and studies (McMichael and
Peters, 1989; Peebles and Hopkins, 1993; and current study, respectively).
Study 80’s

90’s

00’s

80’s

90’s

00’s

80’s

90’s

00’s

80’s

90’s

00’s

80’s

90’s

00’s

1

1

2

2

2

3

3

3

4

4

4

5

5

5

268

182

257

127

63

142

176

32

68

32

34

57

65

81

No. Empty 14

9

6

20

8

7

14

3

2

5

4

1

8

1

4

Mollusca

0.3

-

-

0.1

-

*

0.1

-

-

-

-

-

-

-

0.1

Copepoda

6.6

6.8

20.8

0.1

-

2.0

-

-

1.0

-

-

-

-

-

-

Amphipoda

2.0

1.8

4.9

0.5

-

9.1

0.3

-

4.9

0.1

-

2.5

0.2

1.0

5.3

Mysidacea

38.1

26.7

35.1

17.5

9.0

24.7

9.6

6.2

22.8

1.8

-

7.0

1.8

1.0

6.7

Decapoda
Alpheidae
Callianassoidea
Caridea
Hippolytidae
Palaemonidae
Penaeidae
Processidae
Sergestoidea
Upogebiidae
Shrimp unid.
Albuneidae
Panopeidae
Pinnotheridae
Porcellanidae
Xanthidae
Crab unid.
Decapod unid.

12.4
12.4
0.4ϯ
2.6

5.5
2.4
0.2
15.8
-

0.2
*
0.7
3.4
1.3
0.9
*ϯ
0.1ϯ
*ϯ
0.5ϯ
0.2

14.9
2.2
27.9
0.6

7.0
1.0
3.0
15.0
-

3.0
9.3
7.2
2.9
2.6
2.1

24.3
3.6
19.2
0.4
2.6

3.2
1.5
2.6
24.0
-

3.6
3.9
8.2
11.0
0.4
-

0.5
1.7
2.9
1.8
14.2
0.3

2.1
9.5
1.1
3.2
-

0.2
14.6
12.2
7.0
0.2
7.5
*

0.2
5.6
5.0
51.3
0.3

2.1
2.1
8.2
15.5
-

1.1
1.1
7.9
7.1
9.1
0.9
0.8
5.7
0.2
0.1
-

Osteichthyes
Atherinopsidae
Clupeidae
Cyprinodontidae
Engraulidae
Gerreidae
Gobiidae
Sciaenidae
Syngnathidae
Fish unid.

24.1

12.8
5.5
20.4

1.6
3.8
0.6
1.3
0.6
1.1
19.0

*
0.3
35.8

5.0
28.0
2.0
1.0
28.0

1.6
3.3
4.0
6.7
17.2

19.7
0.4
22.7

11.5
4.1
2.1
42.3

3.6
3.6
7.1
3.6
4.3
17.6

9.0
67.7

20.0
8.4
17.9
37.9

16.0
6.2
1.3
25.5

4.4
31.3

9.3
14.4
7.2
5.2
10.3
22.7

2.6
1.1
3.9
8.9
2.4
6.6
3.5
0.3
23.9

Miscellaneous
Arthropoda
1.3
1.8
Crustacea unid.
1.0
0.1
1.0
4.0
2.6
Cumacea
*
Egg
0.5
2.8
Isopoda
Ostracoda
*
*
*
*
*
Tanaidacea
0.5
1.6
0.1
0.1
0.1
*
0.1
*
1.0
Worms
2.1
* denotes volume present, but rounded below cutoff for table. Ϯ denotes the zoea or megalopa stage of development.

0.1
*
0.7
*
*

Size Class

1

No. with Food 85

31

Table 2.3. Expanded taxonomic resolution of prey reported in summary tables of the individual studies.
Number denotes study in which prey was identified. 180s study; 290s study; 3current study.
Mollusca3
(Bivalve1,3, Gastropod1)
Copepoda1,2,3
(Acartia bermudensis1, Acartia sp1,3., Pseudodiaptomus coronatus1,3, Pseudodiaptomus sp.3, Temora
turbinata1, Calanoid1,2,3, Oithona sp.1, Oithonidae3, Harpacticus obscures1, Harpacticoid1,3)
Amphipoda2
(Ampelisca vadorum1,3, Corophium sp.1, Gammaridae2,3, Grandidierella bonnieroides3, Monocorophium
sp.3, Cymadusa sp.3, Cymadus compta3, Ampelisca holmesi3, Erichthonius brasiliensis3, Ampelisca sp.3,
Cerapus sp.3, Hartmanodes nyei3, Rudilemboides naglei3, Ampithoe sp.3, Corophiidae3, Ampelisca
verrilli3, Gammarus mucronatus3, Bateidae3, Aoridae3, Ampeliscidae3, Gammarus sp.3, Ampelisca
abdita3, Apocorophium louisianum3, Americorophium sp.3, Ampithoidae3, Oedicerotidae3, Eusiridae3,
Ischyroceridae3)
Mysidacea2
(Americamysis almyra1,3, Taphromysis sp.1,3, Americamysis bahia3, Taphromysis bowmani3, Bowmaniella
dissimilis3, Bowmaniella floridana3, Americamysis stucki3)
Decapoda shrimp2 = Alphaeidae, Callianassoidea, Hippolytidae, Palaemonidae, Penaeidae,
Processidae, Sergestoidea, Upogebiidae
(Hippolyte zostericola1,3, Palaemonetes pugio1,3, Palaemonetes sp.1,3, Penaeus sp.1,3, Tozeuma
carolinense1,3, Caridean1,3, Farfantepenaeus sp.3, Farfantepenaeus duoraum3, Processa sp.3,
Palaemonetes sp.3, Palaemon floridanus3, Hippolyte sp.3, Ambidexter symmetricus3, Leander tenuicornis3,
Leptalpheus forceps3, Alpheus sp.3, Alpheus normanni3, Periclimenes sp.3, Periclemenes americanus3,
Rimapenaeus sp.3, Lucifer faxoni2, Palaemonetes vulgaris3)
Decapoda crab3= Albuneidae, Panopeidae, Pinnotheridae, Porcellanidae, Portunidae, Xanthidae
Osteichthyes1,2,3 = Atherinopsidae, Clupeidae, Cyprinodontidae, Engraulidae, Gerreidae, Gobiidae,
Sciaenidae, Syngnathidae
(Anchoa mitchilli1,2,3, Bairdiella chrysoura1,2,3, Eucinostomus sp1,3., Fundulus similis1, Gobiosoma
robustum1,2,3, Menidia sp.1,3, Microgobius gulosus1,2,3, Anchoa hepsetus2, Anchoa sp.2,3, Gobiidae2,
Gobiosoma sp.2,3, Microgobius sp.2,3, Syngnathus sp.2, Cynoscion nebulosus2, Cynoscion sp.2,3, Cynoscion
arenarius2, Gobiosoma bosc2, Fundulus sp.2, Fundulus majalis2, Eugerres plumierii3, Lucania sp.3,
Lucania parva3, Microgobius thalassinus3, Syngnathus scovelli3, Syngnathus floridae3, Sardinella sp.3,
Floridichthys carpio3, Menticirrhus sp.3)
Tanaidacea1,2
(Hargeria rapax1,3, Tanaidomorpha sp.3, Leptochelia longimana3, Kalliapseudes sp.3)
*Other collapsed categories include Ostracoda, Cumacean, and Isopoda. These categories were rare and
had no further resolution.
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Table 2.4. Dissimilarity between size classes 1 and 2 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 1 Size Class 2
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 45.84%
Mysidacea
33.28
17.05
8.11
17.70
17.70
Gobiidae
2.19
11.57
5.42
11.82
29.52
Unidentifiable
9.68
15.17
5.39
11.75
41.27
Shrimp
Copepoda
11.42
0.70
5.36
11.69
52.96
Unidentifiable
21.16
27.02
4.24
9.25
62.20
Actinopterygii
Hippolytidae
5.45
8.09
3.48
7.60
69.80
Palaemonidae
0.00
5.46
2.73
5.96
75.76
Engraulidae
5.50
3.00
2.42
5.27
81.03
Amphipoda
2.89
3.19
1.92
4.19
85.23
Penaeidae
2.28
0.33
1.08
2.36
87.59
Processidae
0.78
1.98
0.86
1.88
89.46
Cyprinodontiformes
0.53
1.11
0.64
1.40
90.86

Table 2.5. Dissimilarity between size classes 1 and 3 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 1 Size Class 3
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 48.43%
Mysidacea
33.28
12.85
10.21
21.08
21.08
Copepoda
11.42
0.34
5.54
11.44
32.52
Unidentifiable
9.68
18.07
4.87
10.06
42.59
Shrimp
Hippolytidae
5.45
9.30
4.76
9.84
52.42
Unidentifiable
21.16
27.54
4.52
9.33
61.75
Actinopterygii
Cyprinodontiformes
0.53
7.67
3.75
7.73
69.49
Engraulidae
5.50
6.22
2.95
6.10
75.59
Palaemonidae
0.00
3.57
1.78
3.68
79.27
Processidae
0.78
3.59
1.66
3.43
82.70
Gobiidae
2.19
2.82
1.27
2.63
85.33
Amphipoda
2.89
1.72
1.25
2.58
87.91
Penaeidae
2.28
0.50
1.07
2.21
90.12
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Table 2.6. Dissimilarity between size classes 2 and 3 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 2 Size Class 3
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 42.11%
Unidentifiable
27.02
27.54
5.47
13.00
13.00
Actinopterygii
Gobiidae
11.57
2.82
5.31
12.62
25.62
Hippolytidae
8.09
9.30
5.21
12.36
37.98
Unidentifiable
15.17
18.07
5.17
12.28
50.26
Shrimp
Mysidacea
17.05
12.85
4.29
10.19
60.45
Cyprinodontiformes
1.11
7.67
3.65
8.66
69.11
Engraulidae
3.00
6.22
2.61
6.20
75.31
Amphipoda
3.19
1.72
1.80
4.27
79.58
Processidae
1.98
3.59
1.55
3.68
83.26
Palaemonidae
5.46
3.57
1.41
3.36
86.62
Gerreidae
0.00
1.32
0.66
1.57
88.19
Crustacea
1.00
0.87
0.60
1.43
89.62
Atherinopsidae
0.01
1.19
0.60
1.42
91.04

Table 2.7. Dissimilarity between size classes 1 and 4 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 1 Size Class 4
Average
Average
Abundance Abundance
Overall Average Dissimilarity: 59.24%
Mysidacea
33.28
2.96
Unidentifiable
21.16
43.70
Actinopterygii
Copepoda
11.42
0.00
Engraulidae
5.50
11.99
Unidentifiable
9.68
8.29
Shrimp
Hippolytidae
5.45
5.41
Sciaenidae
0.19
6.39
Palaemonidae
0.00
5.72
Gobiidae
2.19
7.86
Penaeidae
2.28
6.08
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Average
%
Dissimilarity Contribution

Cumulative
%

15.16
11.27

25.59
19.02

25.59
44.61

5.71
5.08
3.37

9.64
8.57
5.70

54.25
62.82
68.52

3.24
3.16
2.86
2.84
2.31

5.48
5.34
4.83
4.79
3.90

74.00
79.34
84.17
88.96
92.86

Table 2.8. Dissimilarity between size classes 2 and 4 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 2 Size Class 4
Average
Average
Abundance Abundance
Overall Average Dissimilarity: 50.39%
Unidentifiable
27.02
43.70
Actinopterygii
Mysidacea
17.05
2.96
Engraulidae
3.00
11.99
Unidentifiable
15.17
8.29
Shrimp
Gobiidae
11.57
7.86
Hippolytidae
8.09
5.41
Sciaenidae
0.77
6.39
Penaeidae
0.33
6.08
Palaemonidae
5.46
5.72
Amphipoda
3.19
0.83

Average
%
Dissimilarity Contribution

Cumulative
%

9.77

19.40

19.40

7.05
5.50
5.34

13.99
10.91
10.59

33.39
44.29
54.89

4.92
3.73
3.15
2.87
2.18
1.68

9.75
7.39
6.25
5.70
4.34
3.33

64.64
72.03
78.28
83.98
88.32
91.64

Table 2.9. Dissimilarity between size classes 3 and 4 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 3 Size Class 4
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 50.34%
Unidentifiable
27.54
43.70
10.43
20.73
20.73
Actinopterygii
Unidentifiable
18.07
8.29
5.25
10.42
31.15
Shrimp
Mysidacea
12.85
2.96
5.05
10.03
41.18
Hippolytidae
9.30
5.41
4.97
9.87
51.05
Engraulidae
6.22
11.99
4.96
9.85
60.90
Cyprinodontiformes
7.67
0.00
3.83
7.61
68.52
Sciaenidae
0.70
6.39
3.17
6.30
74.81
Penaeidae
0.50
6.08
2.79
5.55
80.36
Gobiidae
2.82
7.86
2.52
5.00
85.36
Palaemonidae
3.57
5.72
1.79
3.55
88.91
Processidae
3.59
0.41
1.73
3.43
92.34

35

Table 2.10. Dissimilarity between size classes 1 and 5 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 1 Size Class 5
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 56.39%
Mysidacea
33.28
3.20
15.04
26.67
26.67
Unidentifiable
9.68
24.15
9.14
16.21
42.89
Shrimp
Copepoda
11.42
0.00
5.71
10.12
53.01
Engraulidae
5.50
9.23
3.23
5.72
58.73
Hippolytidae
5.45
2.73
2.72
4.82
63.55
Penaeidae
2.28
7.42
2.63
4.67
68.22
Unidentifiable
21.16
25.99
2.58
4.58
72.81
Actinopterygii
Palaemonidae
0.00
4.90
2.45
4.35
77.16
Sciaenidae
0.19
4.60
2.27
4.02
81.17
Cyprinodontiformes
0.53
4.39
2.10
3.73
84.91
Gobiidae
2.19
3.92
1.61
2.85
87.76
Gerreidae
0.19
3.20
1.57
2.78
90.53

Table 2.11. Dissimilarity between size classes 2 and 5 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 2 Size Class 5
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 49.27%
Unidentifiable
15.17
24.15
9.38
19.04
19.04
Shrimp
Mysidacea
17.05
3.20
6.93
14.06
33.11
Gobiidae
11.57
3.92
5.13
10.41
43.52
Unidentifiable
27.02
25.99
5.80
7.72
51.24
Actinopterygii
Hippolytidae
8.09
2.73
3.59
7.29
58.53
Penaeidae
0.33
7.42
3.55
7.20
65.73
Engraulidae
3.00
9.23
3.18
6.46
72.19
Sciaenidae
0.77
4.60
2.17
4.40
76.60
Cyprinodontiformes
1.11
4.39
2.01
4.08
80.67
Amphipoda
3.19
2.18
1.83
3.72
84.39
Gerreidae
0.00
3.20
1.60
3.24
87.64
Palaemonidae
5.46
4.90
1.21
2.46
90.10
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Table 2.12. Dissimilarity between size classes 3 and 5 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 3 Size Class 5
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 45.89%
Unidentifiable
18.07
24.15
8.54
18.61
18.61
Shrimp
Mysidacea
12.85
3.20
4.89
10.67
29.27
Hippolytidae
9.30
2.73
4.68
10.20
39.47
Unidentifiable
27.54
25.99
4.66
10.14
49.62
Actinopterygii
Cyprinodontiformes
7.67
4.39
3.82
8.32
57.94
Penaeidae
0.50
7.42
3.46
7.55
65.49
Engraulidae
6.22
9.23
2.90
6.32
71.81
Sciaenidae
0.70
4.60
2.18
4.76
76.56
Processidae
3.59
0.30
1.74
3.80
80.36
Gerreodae
1.32
3.20
1.51
3.29
83.66
Gobiidae
2.82
3.92
1.49
3.25
86.91
Amphipoda
1.72
2.18
1.19
2.60
89.50
Palaemonidae
3.57
4.90
1.17
2.55
92.05

Table 2.13. Dissimilarity between size classes 4 and 5 by collapsed taxonomy used in
comparison. Taxa listed are those driving the dissimilarity in the diet composition between the
size classes.
Taxa

Size Class 4 Size Class 5
Average
%
Cumulative %
Average
Average
Dissimilarity Contribution
Abundance Abundance
Overall Average Dissimilarity: 43.95%
Unidentifiable
43.70
25.99
9.51
21.64
21.64
Actinopterygii
Unidentifiable
8.29
24.15
9.08
20.67
42.31
Shrimp
Engraulidae
11.99
9.23
4.46
10.14
52.45
Sciaenidae
6.39
4.60
3.68
8.37
60.82
Hippolytidae
5.41
2.73
2.95
6.71
67.53
Cyprinodontiformes
0.00
4.39
2.19
4.99
72.52
Palaemonidae
5.72
4.90
2.11
4.80
77.32
Gobiidae
7.86
3.92
2.01
4.58
81.90
Gerreidae
0.00
3.20
1.60
3.64
85.53
Penaeidae
6.08
7.42
1.58
3.60
89.13
Mysidacea
2.96
3.20
1.49
3.39
92.53
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Table 2.14. Correlations of the canonical axis by size class. Only output for four axis available.
Study listed in parentheses.
Size Class (Study)

Canonical Axis
1

2

3

4

1 (1981-1982)

-0.4661

0.1453

-0.0560

0.0112

1 (1991-1992)

-0.4090

0.1634

0.0746

0.0045

1 (2005-2013)

-0.5207

-0.0091

0.1353

-0.0165

2 (1981-1982)

0.0274

0.0521

-0.1957

-0.0094

2 (1991-1992)

0.2146

0.1741

-0.2255

-0.0311

2 (2005-2013)

0.0566

0.2377

-0.2992

0.0533

3 (1981-1982)

0.3386

0.2013

0.2069

0.0027

3 (1991-1992)

0.1774

0.1069

-0.1100

-0.0250

3 (2005-2013)

0.1507

0.4214

0.1564

0.0074

4 (1981-1982)

0.0388

-0.2472

-0.1385

-0.0617

4 (1991-1992)

0.0016

-0.4992

-0.0685

0.0088

4 (2005-2013)

-0.0065

-0.3161

-0.1701

0.0426

5 (1981-1982)

0.0754

-0.0751

0.1221

-0.0462

5 (1991-1992)

0.1113

-0.1578

0.5341

0.0161

5 (2005-2013)

0.2100

-0.1978

0.0342

0.0435
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Table 2.15. Correlations of canonical axis by study. Only outputs for two axis available. Size
classes listed in parentheses.
Study

Canonical Axis

(Size Class)

1

2

1981-1982 (1)

-0.3172

0.1162

1981-1982 (2)

-0.4260

0.0626

1981-1982 (3)

-0.3793

0.1358

1981-1982 (4)

-0.2910

-0.0112

1981-1982 (5)

-0.2844

-0.2836

1991-1992 (1)

0.1894

-0.3283

1991-1992 (2)

0.1645

-0.1544

1991-1992 (3)

0.0867

-0.2967

1991-1992 (4)

0.2403

-0.1968

1991-1992 (5)

0.1465

-0.2083

2005-2013 (1)

0.1300

0.3190

2005-2013 (2)

0.2413

0.3020

2005-2013 (3)

0.2309

0.1064

2005-2013 (4)

0.0237

0.1069

2005-2013 (5)

0.2447

0.3302
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Figure 2.1. Number of taxa by size class and study. Based on collapsed taxonomic levels used
the comparison. McMichael and Peters (1989) are displayed in blue, Peebles and Hopkins
(1993) are gray, and the current study are the pink bars.
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Figure 2.2. Canonical analysis of principal coordinates by size class. McMichael and Peters
(1989) are displayed in blue, Peebles and Hopkins (1993) are gray, and the current study are the
pink symbols. Size classes are designated by unique symbols. Superimposed vectors indicate
taxa driving differences in diet composition.
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Figure 2.3. Stacked bar graph of collapsed taxonomy used in comparison of percent volume by
size class and study. Families of shrimp, crabs, and fishes were collapsed further to Decapods
shrimps, Decapoda crabs, and Osteichthyes, respectively.
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Figure 2.4. Percent volume of fish by size class and study. These graphs are a subset of Figure
2.4 for visual purposes and do not represent all prey types consumed in each size class.
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Figure 2.5. Percent volume of shrimp by size class and study. These graphs are a subset of
Figure 2.4 for visual purposes and do not represent all prey types consumed in each size class.
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Figure 2.6. Canonical analysis of principal coordinates by study. McMichael and Peters (1989)
are displayed in blue, Peebles and Hopkins (1993) are gray, and the 2005-2013 study are the pink
symbols. Size classes are designated by unique symbols. Superimposed vectors indicate taxa
driving differences in diet composition.
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CHAPTER THREE:
EXPERIMENTAL TEST OF PREY PREFERENCE
Abstract
Generalist predators can have wide diet breadths that are influenced by the relative
abundance of different prey available to them, making it difficult to determine prey preference
from field observations. To ascertain preference, controlled experimentation is required that
accounts for prey-specific variation in the time it takes to search, capture, and consume the prey;
all of which can be affected by its morphology and behavior. Based on previous stomach
content studies, Pinfish, Lagodon rhomboides and Clown Gobies, Microgobius gulosus,
comprise a substantial proportion of the diet of Spotted Seatrout, Cynoscion nebulosus, despite
strong differences in the morphology and behavior of these prey. Pinfish are demersal, deepbodied fish that form loose aggregations with strong dorsal- and anal-fin spines that shoal in
large aggregations, whereas Clown Gobies are benthic, shallow-bodied fish with weaker fin
spines and are solitary but evenly distributed over the substrate. I conducted controlled,
laboratory feeding experiments to test prey preference by Spotted Seatrout for these two
common prey. Spotted Seatrout did not exhibit a feeding preference for either Pinfish or Clown
Gobies, despite the strong differences in morphology and behavior. However, I observed higher
consumption rates of the Clown Goby, but not the Pinfish, during 24-hour trials compared to
those lasting 48-hours. This suggests that the densities of a solitary prey, but not a shoaling one,
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may have influenced search times by the generalist predator. My experiments highlight the
complexities of feeding behaviors by a generalist predator in highly dynamic ecosystems.
Introduction
Predators must find, capture, and consume their prey, and theoretically, do so in a manner
that will confer optimal energetic benefits (Brechbuhl et al., 2011; Gill, 2003). Foraging arenas
of generalist predators can include a suite of prey that differ in morphology, behavior and
microhabitat association (Ahrens et al., 2012). To maintain optimality, generalist predators have
highly plastic search and capture abilities which can allow for a wide range of prey types (Closs
et al., 1999; Eubanks and Denno, 2000). Under natural conditions where multiple prey are
available to the predator, such plasticity requires some level of choice (Eubanks and Denno,
2000; Jackson and Underwood, 2007). That is, the predator must make behavioral decisions
about whether to hunt and attempt to capture one prey versus another (Eubanks and Denno,
2000; Jackson and Underwood, 2007; Underwood et al., 2004).
The behavioral choice of prey preference is a complex relationship between the predator
and the prey that should not be interpreted based solely on association, i.e., we cannot infer
preference based on field observations from electivity studies (Alldredge et al., 1998;
Lechowicz, 1982). Experimental protocols for examining prey preference have been a highly
contentious topic over the past few decades (Jackson and Underwood, 2007; Stallings, 2010;
Underwood et al., 2004) and early efforts incorrectly assumed preference based on the relative
prevalence of certain prey in a predator’s diet (Underwood et al., 2004). Because the time it
takes to find, consume, and digest an item may differ among prey types, preference can be
confounded by handling times. Thus, a two-stage approach was developed, the first with only
one prey type offered (no choice possible) and the second with more than one prey offered
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(choice possible). This approach allows the researcher to account for handling times and
associated sampling error in the first stage (expected consumption), eliminating inflated Type-I
errors associated with traditional methods (Underwood and Clarke, 2005). Following this twostage approach, I tested for preference by a generalist, euryphagic piscivore on two common prey
found in their diet, which differ morphologically, behaviorally, and with microhabitat association
(Lassuy, 1983; McMichael and Peters, 1989; Simonsen and Cowan, 2013; Wenner and
Archambault, 1996).
Spotted Seatrout, Cynoscion nebulosus, are ecologically- and economically-important
predators found in the coastal waters from the Yucatan Peninsula, throughout the Gulf of
Mexico, and as far north as the Chesapeake Bay (Wenner and Archambault, 1996). They spend
their entire life in vegetated areas such as seagrass beds, saltmarshes, and mangrove roots and
exhibit limited movements (Iverson and Tabb, 1962). Like other piscivorous fishes, juvenile
Spotted Seatrout transition from a diet comprising small crustaceans (e.g., copepods, mysids) to
one of larger crustaceans (e.g., penaeid shrimp) and finally fishes (McMichael and Peters, 1989;
Peebles and Hopkins, 1993; Wenner and Archambault, 1996).
Pinfish, Lagodon rhomboides, and Clown Gobies, Microgobius gulosus, are common in
some of the same vegetated habitats where Spotted Seatrout are found. These two species also
comprise a substantial portion of the diet of Spotted Seatrout based on stomach content studies
(Fish and Wildlife Research Institute-Fisheries Independent Monitoring, unpublished data, W.
Fletcher, pers. obs.), yet they differ markedly in morphology, behavior, and microhabitat use.
Pinfish have a laterally-compressed shape, strong dorsal- and anal-fin spines, tend to aggregate
in shoals, and usually reside within the middle to lower water column. They can be found in
vegetated areas, near bridges and pilings, and near hard-bottom habitats in marine to freshwater
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salinities (Carpenter, 2002). Clown Gobies have a dorsoventrally-compressed shape with
weaker fin spines, are solitary and benthic, and reside in muddy and vegetated estuaries at
marine to freshwater salinities (Carpenter, 2002; Schofield, 2003). Using controlled laboratory
experiments, my study examined whether Spotted Seatrout had a prey preference between these
morphologically- and behaviorally- different prey, Pinfish and Clown Gobies, which had been
previously observed in stomach analyses.
Study Organisms and Experimental Venue
All fish were collected by research staff from the Florida Fish and Wildlife Conservation
Commission’s Fish and Wildlife Research Institute as part of the Fisheries-Independent
Monitoring and Marine Finfish Biology programs. Collections were made in Tampa Bay with
21.3-m seines, 121.9-m seines, 183-m center bag seines, and 6.1-m otter trawls. Captured
organisms were placed in holding tanks containing aerated seawater and transported to the
aquarium laboratory located at University of South Florida’s College of Marine Science. In the
laboratory, Pinfish were held in a 621-l tank, gobies in a 208-l tank, and Spotted Seatrout in
1200-l and 890-l tanks. Each holding tank was supplied with flow-through water from Tampa
Bay and was equipped with aerators to promote adequate oxygenation (DO ≥ 6.5 mg/l) and
heaters to ensure constant temperature (26.7 – 28.3 º C). The collection and housing of animals
adhered to University of South Florida’s Institutional Animal Care and Use Committee
guidelines (Protocol No. 4193).
Feeding trials were conducted in 890-l circular tanks with flow-through seawater which
were maintained at the same oxygen levels and temperature as the holding tanks. To simulate
natural habitat, I created artificial seagrass units from green polypropylene ribbon (16-cm height
x 0.25-cm width). The density (3500 blades m-2) of the artificial seagrass mimicked that of
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Halodule wrightii, which is a common habitat of juvenile Spotted Seatrout in Tampa Bay
(Flaherty et al., 2009; Flaherty-Walia et al., 2014). The artificial seagrass was attached to a
weighted, plastic mesh placed in the bottom of the feeding trial tanks.
Prey Preference Experiments
A two-stage experimental design was used to test preference by Spotted Seatrout between
the two prey species. In stage 1, Spotted Seatrout were given one prey species only: Pinfish or
Clown Gobies. In stage 2, Spotted Seatrout were simultaneously given both Pinfish and Clown
Gobies. I kept the initial density of prey consistent among treatments at 12 individuals per
feeding trial. Thus the three combinations of prey were: 1) stage 1 – 12 Pinfish, 2) stage 1 – 12
Clown Gobies, and 3) stage 2 – 6 Pinfish and 6 Clown Gobies. To ensure that a temporal
artifact, such as prey switching, was not masking a true prey preference (Jaworski et al., 2013;
Micheli, 1997; van Baalen et al., 2001), the two-stage feeding trials were conducted at two time
intervals (24 versus 48 hours). Five rounds of trials were run for 24 hours (N=15) and five were
run for 48 hours (N=15).
Pilot feeding trials (N=8) were conducted to determine the size range of prey that Spotted
Seatrout could successfully consume. Pinfish measuring 16-32% and Clown Gobies measuring
12-25% of the standard length (SL) of Spotted Seatrout were readily consumed. Because the
size range of Clown Gobies collected was limited to less than 40 mm SL, sizes of both prey used
in feeding trials were limited to less than 40 mm SL to eliminate potential confounding effects of
prey size on consumption and preference.
Spotted Seatrout (135 mm to 288 mm SL) were individually placed in the holding tanks
for a 96-hour acclimation period prior to feeding trials. During the acclimation period, Spotted
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Seatrout were fed ad libitum and, to avoid any confounding effects of experience on prey choice,
were given the prey composition (i.e., Pinfish only, Clown Gobies only, Pinfish and Clown
Gobies together) that matched what they were provided during their ensuing experimental period
(Micheli, 1997).
Before feeding trials began, the Spotted Seatrout were transferred to the experimental
tanks and starved for 24 hours to standardize level of hunger. After the starvation period for the
Spotted Seatrout, prey were added to experimental tanks through a temporary, 6.3-cm diameter
PVC pipe to allow them to swim safely to bottom and reach the shelter provided by the artificial
seagrass. Feeding trials lasted either 24 hours (N=15) or 48 hours (N=15), as described above.
Once trials were complete, the artificial seagrass was washed with seawater to ensure all
remaining prey were removed and counted. A screen was then placed over the drains of tanks
and once they were empty of water, prey were counted again to ensure both counts matched.
Any losses of prey were assumed to be due to predation by the Spotted Seatrout and this was
further tested with four control trials that lacked the predator. Each feeding trial was conducted
using different individual Spotted Seatrout and prey to ensure independence (Jackson and
Underwood, 2007). Each round of trials consisted of similarly-sized Spotted Seatrout. All trials
were conducted over a 10-week period from June to August 2012, during which salinity (24-27
ppt), temperature (26.7ºC – 28.3 ºC), and DO (>6.5 mg/l) remained stable.
Statistical Analysis
Following the maximal likelihood equations developed by Underwood and Clarke (2005,
Section 2.4 and Appendix A.3), I used the data collected from stages 1 and 2 of the feeding trials
to calculate the null expectation of no preference for both the 24-hour and 48-hour trials
separately. The number of consumed prey was compared to the expected prey values using χ2
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tests. Five comparisons were made for 24-hour trials and five comparisons were made for 48hour trials (total of 10 comparisons) (Table 3.1).
Results
In the predator-free control trials, 100% survival of both Pinfish and Clown Gobies was
observed, indicating that any losses of prey during the feeding trials were attributable to
predation by Spotted Seatrout. All Spotted Seatrout readily consumed their assigned prey during
both acclimation periods and experimental trials. In no experimental trials did the Spotted
Seatrout consume all prey offered.
No preference was detected for either prey at α = 0.05 for all ten trials (Table 3.1).
However, a higher consumption rate (number eaten per hour) of Clown Gobies was observed
during the 24-hour trials compared to the 48-hour trials (Figure 3.1), both in the no-choice stage
1 (t8 = 4.05, P = 0.004) and choice –possible stage 2 (t8 = 2.45, P = 0.040). Consumption rates
of Pinfish (Figure 1) did not differ between the two trial lengths in either stage 1 (t8 = 2.00, P =
0.081) or stage 2 (t8 = 0.85, P = 0.421).
Discussion
By following the two-stage approach from Underwood and Clark (2005), this study
accounted for the time it took the Spotted Seatrout to find, consume, and digest the prey to infer
preference. Despite the differences in morphology, behavior, and microhabitat use, Spotted
Seatrout did not exhibit a preference for Pinfish or Clown Gobies. This was an intriguing
outcome when considering the complexity of the predator-prey relationship and how Spotted
Seatrout must hunt, capture, and consume these different prey (Gill, 2003; Jackson and
Underwood, 2007; Wahl and Stein, 1988; Ware, 1972).
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Spotted Seatrout would most likely employ different feeding strategies for hunting and
capturing a Pinfish versus a Clown Goby. Spotted Seatrout are active hunters, but appear to use
a combination of ambush, lie-and-wait, and chasing tactics (Juanes et al., 2002; Wenner and
Archambault, 1996). In their natural environment, Spotted Seatrout actively search the edges of
vegetated areas and oyster reefs while using eddies and drop-off points to wait for their prey
(Wenner and Archambault, 1996). To capture a solitary, benthic prey such as the Clown Goby
used in my study, the Spotted Seatrout likely used an active ambush tactic. Indeed, I observed
that the Spotted Seatrout in the holding tank oriented head down – tail up which may have
conferred a benefit for finding benthic prey. Newly settled Spotted Seatrout orient in this head
down manner possibly to blend in with the seagrass aided by a mid-body stripe which is lost in
the older age classes (Fish and Wildlife Research Institute-Fisheries Independent Monitoring,
R.E. Matheson Jr., pers. comm.). In contrast, to capture a shoaling prey such as the Pinfish, a lieand-wait tactic may have been used. I avoided interaction with the test tanks because I did not
want to interfere with feeding behaviors, but classic C- and S-start feeding strikes on Pinfish
were observed in the holding tanks (Hale, 2002). Spotted Seatrout in holding tanks were
observed to lie-in-wait until the aggregation of Pinfish was in striking distance while Clown
Gobies were often ambushed off the bottom. By using a combination of foraging tactics, Spotted
Seatrout can take advantage of varying densities and availability of a wide range of prey.
Morphology and behavior of prey can each greatly affect handling time and thus
ultimately affects the maximum energy return for the predator under the framework of optimal
foraging theory. I used Pinfish and Clown Gobies in this study as they are both common prey to
Spotted Seatrout despite having different morphological and behavioral characteristics. Pinfish
are deeper bodied and have stronger dorsal- and anal-fin spines compared to Clown Gobies.
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These morphological characteristics would increase the handling time of the Pinfish possibly
making them the more difficult to consume (Wahl and Stein, 1988). Unlike Clown Gobies
which exhibit a solitary behavior, Pinfish often aggregate in shoals. Shoaling and schooling can
reduce per capita mortality rates via predation (i.e., safety in numbers; Neill and Cullen, 1974;
Seghers, 1974; Wahl and Stein, 1988) but also increases visibility, possibly making Pinfish more
conspicuous to the Spotted Seatrout. Thus there was likely a tradeoff between search and
capture between these two prey. Clown Gobies may be easier to capture but more difficult to
find, whereas, Pinfish may be more difficult to capture but easier to find. This tradeoff may be
further influenced by the relative density of the prey.
Consumption rates of Clown Gobies, but not Pinfish, were higher in both stage 1 and
stage 2 of the 24-hour trials compared to the two stages from the 48-hour trials. This may
suggest that the predation rate by Spotted Seatrout was affected by the density of Clown Gobies,
but not of Pinfish. Thus, as Clown Gobies were consumed during the first portion of the 48-hour
trials, their density may have declined to a level below that conducive to predation by Spotted
Seatrout (Ives et al., 1993). Given the solitary behavior of the Clown Goby, Spotted Seatrout
may have lost a strong search image for them once their densities had been substantially reduced.
In addition, when the densities of a preferred or more abundant prey becomes low, a predator
may switch to consume a different species (Jaworski et. al, 2013; Micheli, 1997; van Baalen et.
al, 2001). Under this proposed scenario, Spotted Seatrout may have switched to feeding on
Pinfish once the density of Clown Gobies was below a threshold. And, if prey switching did
occur, I may have missed a true preference (Micheli, 1997). I also observed that in no trials did
the Spotted Seatrout consume all prey offered. This per capita reduction may be a reflection of
satiation by the predator (i.e., Type-I Functional Response; Murdoch, 1973).
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In this study, Spotted Seatrout were restricted to only two types of prey, but, in their
natural systems, have access to multiple species of prey with different levels of mobility. In
addition, predatory fish that forage in clear, open water may rely on visual factors such as prey
movement, prey size, and crypticity to locate prey; however, fish that forage in more turbid,
estuarine environments may rely on a combination of visual and olfactory cues to locate their
preferred prey in these low visibility environments (Main, 1987; Seghers, 1974; Vinagre et al.,
2008). An ongoing diet study of Spotted Seatrout collected from the Tampa Bay estuary, of the
same size range used in our study, has identified these fish consume prey from at least 11
different fish families, seven shrimp families, and three crab families (Fish and Wildlife
Research Institute-Fisheries Independent Monitoring, unpublished data; pers. obs.). Practicing a
generalist method of hunting for food would allow the different life-history stages of Spotted
Seatrout to adapt to dynamic conditions, such as varying levels of turbidity and prey densities,
which occur in the estuarine environment and in the associated fish communities (Bortone, 2003;
Gerking, 1994; Llanso et al., 1998; Wilson et al., 2008). Conversely, generalist predators can
select preferred prey based their size and abundance (Closs et al., 1999). The plasticity of a
generalist predator, such as the Spotted Seatrout in this study, would be beneficial to the overall
survival of the species in highly dynamic environments.
Understanding prey preference and diet of a predator is important to the management of
ecosystems (Jackson and Underwood, 2007; Llanso et al., 1998; Underwood et al., 2004),
especially with an economically-important species such as the Spotted Seatrout that uses the
same estuary during all of its life-history stages. Knowing what a predator prefers and consumes
can provide further insight into trophic dynamics and ecological patterns that can be applied to
make predictions. Environmental impacts can alter food sources, and sound-management
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decisions can only be made when the effects of these changes on the predator of interest is
understood. Therefore, information on prey preference is necessary for future ecosystem-based
management.
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Table 3.1. Tests for prey preference of Spotted Seatrout for either Pinfish or Clown Gobies.
Notation follows that of Underwood and Clarke (2005).
Trial

M1

M2

m1

m2

N

Obs
Obs Exp Exp
n1
n2
m1 m2
1
12
12
9
7
12
4
3 9.0 7.0
2
12
12
8
6
12
2
3 7.7 6.4
3
12
12
8
5
12
4
2 8.1 4.9
4
12
12
6
7
12
3
4 5.9 7.1
5
12
12
7
5
12
5
3 7.1 4.9
6
12
12
9
5
12
5
3 9.0 5.1
7
12
12
7
4
12
4
2 7.1 3.9
8
12
12
6
3
12
4
3 5.8 3.3
9
12
12
5
3
12
2
2 4.8 3.3
10
12
12
9
5
12
2
4 8.5 5.8
M1= total number of Clown Gobies available to predator in stage 1
M2= total number of Pinfish available to predator in stage 1
m1= number of Clown Gobies eaten in stage 1
m2= number of Pinfish eaten in stage 1
N= total number of prey (both species) available to predator in stage 2
n1= total number of Clown Gobies eaten in stage 2
n2= total number of Pinfish eaten in stage 2
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Exp
n1
3.9
2.7
3.7
3.2
4.8
5.1
3.9
4.4
2.4
3.6

Exp
n2
3.1
2.3
2.3
3.8
3.2
2.9
2.1
2.6
1.6
2.4

χ2
0.00
0.48
0.05
0.02
0.04
0.01
0.02
0.16
0.18
1.85

P
0.966
0.490
0.823
0.882
0.846
0.929
0.900
0.688
0.673
0.174

Figure 3.1. Consumption rates (number eaten in 24 or 48 hours) of (A) Pinfish and (B) Clown
Gobies. Fish illustrations were kindly provided, with permission, by Diane R. Peebles (Pinfish)
and Joseph Tomelleri (Clown Goby).
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CHAPTER FOUR:
CONCLUSION

Tampa Bay, Florida’s largest estuary, was once a highly polluted system that experienced
extensive loss in seagrass coverage (Greening et al., 2011; Greening and Janicki, 1996;
Johansson and Lewis, 1992). Like many ecosystems around the world, the loss of seagrass beds
was anthropogenically driven and significantly altered the community structure within (France,
1995; Livingston, 1984; Orth et al., 2006; Waycott et al., 2009). Since the 1980s, lengthy efforts
have been made to improve water quality and restore seagrass coverage to the estimated levels
during that of the 1950s (Greening et al., 2011; Greening and Janicki, 2006; Johansson and
Lewis, 1992). Thus with such efforts, the majority of Tampa Bay is now a recovering system
(Greening et al., 2011; Lewis et al., 1998).
Spotted Seatrout, an economically- and recreationally- important predatory fish in Tampa
Bay, utilizes seagrass beds as foraging and refuge habitat throughout its entire life cycle (Baltz et
al., 1993; Hettler, 1989; Iverson and Tabb, 1962; Mercer, 1984). Therefore, the loss and gain of
seagrass beds can potentially be reflected in their trophodynamics (France, 1995; Hooks et al.,
1976; Livingston, 1984). Like many piscivorous fishes, Spotted Seatrout undergo ontogenetic
shifts in diet that enables them to allocate energy in order to maximize fitness (Juanes et al.,
2002; Mercer, 1984; Pyke, 1977; Scharf et al., 2000; Wenner and Archambault, 1996) especially
during juvenile stages that are highly vulnerable to predation and must grow quickly (Post and
Parkinson, 2001; Sogard, 1997).
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By comparing three stomach analysis studies conducted in Tampa Bay during which
water quality and the extent of seagrass coverage varied, differences in diet composition of
Spotted Seatrout were observed. The ontogenetic dietary shifts in my comparison were similar
to that observed by other authors (Baltz et al, 1993; Hettler, 1984; Iverson and Tabb, 1962;
Mercer, 1989). In contrast, the observed differences in diet composition across the three time
periods may correspond with the variability of water quality and seagrass coverage over the 32
year span in which the three diet studies took place. Although the lack of high taxonomic
resolution and availability of raw data limited my interpretations and analysis, the prevalence of
indicator species (e.g., amphipods and mysids) provided further insight of community dynamics
within the highly variably ecosystem (Lussier et al., 1999; Pardal et. al, 2000; Zimmerman et al.,
1979). However, the absence of species highly associated with seagrasses from the 1990s study
was unexplainable.
Based on an ongoing diet study, Pinfish and Clown Gobies comprised a substantial
portion of the diet of Spotted Seatrout. However, preference for these prey cannot be based
solely on this observed abundance. It takes time for a predator to find, consume, and digest a
prey and this “handling time” can differ among prey types (Jackson and Underwood, 2007;
Underwood et al., 2004; Underwood and Clarke, 2005). By following a two staged experimental
design that accounted to handling times, the Spotted Seatrout in my study showed no preference
for either of these morphologically- and behaviorally- different prey (Underwood and Clarke,
2005). In addition, higher consumption rates were observed in both stages of the 24-hour trials
suggesting that the predation rate by Spotted Seatrout was affected by the density of Clown
Gobies.
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Although Spotted Seatrout were restricted to two types of prey in my experimental study,
they are exposed to many types of prey with differing levels of mobility in their natural
environment. In addition, food webs of highly polluted systems will alter from a benthic to
planktonic based pathway (France, 1995; Livingston, 1984). Thus, Spotted Seatrout may employ
multiple tactics to find and consume their preferred prey (Wenner and Archambault, 1996).
Such plasticity would be highly beneficial to the overall survival of the Spotted Seatrout in
highly dynamic ecosystems like the Tampa Bay estuary. Understanding diet analysis and prey
preference provides further insight to the overall ecological health of a system and is necessary
for ecosystem-based management. Further behavioral testing of both prey and the predator in
my thesis would be beneficial to expand on prey preference and predator-prey interactions within
an ecosystem.
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